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Chapter  42 
SECONDARY  RECOVERY  IN  ILLINOIS  || 

Frederick  Squires,*  Paul  G.  Luckhardt,|  and  Alfred  H.  Bell* 


ABSTRACT 


Secondary-recovery  methods  which  have  been  used  in 
the  older  Illinois  oil  fields  include  vacuum,  gas,  and  air 
repressuring,  as  well  as  water  flooding.  Only  gas  re- 
pressuring  and  water  flooding  have  been  used  to  any 
appreciable  extent  in  the  newer  fields  discovered  since 
1936.  It  is  estimated  that,  of  the  371,000  oil  productive 
acres  in  Illinois,^  only  25,400  acres,  or  7  per  cent,  have 
been  repressured  or  flooded  to  date,  which  leaves  con- 
siderable acreage  yet  to  be  developed.  Recent  activity 
in  scattered  areas  in  Illinois  indicates  greatly  expanded 
interest  in  these  methods  of  increasing  a  dwindling 
supply  of  crude  oil. 

Gas  and  air  repressuring  were  the  most  widespread 
secondary-recovery  methods  used  in  the  old  fields;   but 


INTRODUCTION 

Vacuum,  air,  and  gas  repressuring,  as  well  as  water 
flooding,  have  been  used  in  Illinois  since  shortly  after 
oil  was  discovered  in  the  southeastern  Illinois  field  in 
1905.  Vacuum  was  first  applied  in  Clark  County  in 
1910,  repressuring  with  gas  and  air  in  Clark  County 
in  1921,  and  water  flooding  in  Crawford  County  in 
1924.  The  use  of  vacuum  was,  in  most  cases,  com- 
mercially unsuccessful  except  as  a  gasoline-recovery 
method ;  but  repressuring  and  water  flooding  have  been, 
and  continue  to  be,  profitable.  Repressuring  and  water 
flooding  to  date  have  been  applied  to  only  a  relatively 
small  amount  of  the  productive  acreage  in  Illinois.  Of 
the  371,000  productive  acres  in  Illinois,  a  recent  survey 
shows  that  25,400  acres,  or  7  per  cent,  have  been  re- 
pressured  or  flooded — leaving  considerable  acreage  yet 
undeveloped,  much  of  which  is  sufficiently  rich  in  resid- 
ual oil  to  warrant  serious  consideration.  This  acreage 
does  not  include  17,700  acres  of  pressure  maintenance  in 
the  Salem,  Louden,  and  New  Harmony-Griffin  Consoli- 
dated Pools.  Rapid  strides  in  research  in  secondary 
recovery,  especially  during  the  recent  war  years,  coupled 
with  diminishing  oil  reserves,  gives  impetus  to  the 
extension  of  secondary  recovery  over  much  of  this 
acreage.  Fig.  1  is  an  index  map  for  counties,  town- 
ships,   and    ranges;    and    Fig.    2    shows    oil-productive 


*  Illinois  State  Geological  Survey,  Urbana,  111. 

t  Illinois  State  Geological  Survey,  Urbana,  111.  Removed  to 
Sohio  Petroleum   Co.,   Centralia,  111. 

t  Includes  productive  acreage  of  each  sand  in  multiple-zone 
pools. 

§  Figures  obtained  from  totals  of  columns  32  and  45,  Table 
1-C.  Conclusions  arrived  at  by  dividing  totals  of  column  45  by 
totals  of  column  32,  with  due  consideration  being  given  to  the 
fact  that  some  oil-recovery  figures  are  missing  from  column  45  ; 
hence  the  acreage  involved  is  not  counted. 

||  Published  by  permission  of  the  chief,  Illinois  State  Geological 
Survey,  Urbana,  111. 


interest  in  water  flooding  has  increased  in  the  past  five 
years,  and  will  probably  continue  to  increase  in  relative 
importance.  Recent  figures  show  that  5,690,000  bbl 
of  new  oil  have  been  recovered  in  slightly  more  than 
3  years  from  approximately  7,200  flooded  acres,  where- 
as it  has  taken  an  average  of  9  years  to  recover  4,700,000 
bbl  of  new  oil  from  12,500  repressured  acres.  This 
indicates  that  almost  twice  as  many  barrels  per  acre 
are  recovered  by  flooding  as  by  repressuring;  and, 
furthermore,  the  oil  is  recovered  in  one-third  of  the 
time.§ 

The  paper  consists  primarily  of  a  statistical  report  of 
the  results  obtained  by  repressuring  and  water  flooding 
in  Illinois  to  January  1,  1947. 


areas  in  Illinois  and  also  those  areas  where  repressur- 
ing and  water-flooding  operations  are  now  being  con- 
ducted. Fig.  3  is  a  geologic  column  for  the  Illinois  Basin, 
and  includes  the  total  productive  acreage  of  each  of  the 
important  oil-producing  zones. 

Regional  Structure 

The  oil  fields  discussed  in  this  article  are  located  in 
the  Eastern  Interior  Basin,  a  major  area  of  downwarp- 
ing  which  occupies  four-fifths  of  Illinois  and  includes 
adjoining  parts  of  southwestern  Indiana  and  western 
Kentucky.  The  new  fields  discovered  in  this  area  in 
the  past  10  years  are  located  on  structural  highs,  strati- 
graphic  traps,  or  on  the  upthrown  sides  of  faults  within 
the  Illinois  Basin,  which  is  defined  as  the  central  deepest 
part  of  the  Eastern  Interior  Basin. 

Air  and  Gas  Repressuring 

Since  the  first  successful  repressuring  operation  was 
attempted  in  Illinois  in  1921,  the  practice  has  been  con- 
siderably extended;  so  that,  by  the  end  of  1946,  some 
18,000  acres  had  been  developed.  As  may  be  seen  in 
Tables  1-A,  1-B,  and  1-C,  repressuring  with  gas  and  air 
has  been  confined  essentially  to  the  old  Southeastern 
Field.  Inasmuch  as  there  already  were  many  gasoline 
plants  which  employed  gas  compressors  in  their  opera- 
tion, a  good  deal  of  the  work  involved  in  changing  over 
to  gas  or  air  repressuring  was  a  matter  of  converting 
producing  wells  to  input  wells  and  the  addition  of 
pressure  lines;  therefore,  the  cost  of  material  and  labor 
was  very  little.  On  the  other  hand,  increases  in  oil  pro- 
duction were  not  high,  the  average  being  approximately 
400  bbl  per  acre.  Fig.  4  is  a  map  showing  typical  re- 
pressuring operation  in  the  old  fields. 
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Map   of   Illinois   Oil   Pools   and   Locations  of   Secondary-Recovery  Operations.    (Numbers  Refer  to  Line  Numbers 

in  Tables  1-A,  1-B,  and   1-C.) 
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R.13W.,  Crawford  County,  Illinois. 

FIG.  4 

Production  records  from  the  old  fields  are  not  com- 
plete, and  those  that  are  available,  except  in  a  few  cases, 
do  not  distinguish  between  primary  and  secondary- 
recovery  oil ;  therefore,  it  is  difficult  to  estimate  the  total 
amount  of  additional  oil  that  was  produced  by  re- 
pressuring.  It  is  interesting  to  note,  however,  that  pro- 
duction from  the  Colmar-Plymouth  Pool  in  Hancock 
and  McDonough  Counties,  discovered  in  1914,  totaled 
3,314,000  bbl,  of  which  1,589,000  bbl  of  new  oil,  or 
approximately  870  bbl  per  acre,  have  been  recovered 
in  the  11  years  that  the  fields  have  been  repressured. 
This  operation  was  exceptionally  successful,  and  similar 
recoveries   from   the   Southeastern    Field   are  unusual. 

Most  injection  wells  in  the  old  fields,  formerly  re- 
pressured  with  gas,  have  been  gradually  converted  to 
air  as  the  gas  supply  decreased.  In  a  few  of  the  new 
pools  there  is  still  sufficient  gas  produced  which,  after 
being  stripped  of  its  heavier  components,  is  re-injected 
into  the  oil-producing  sands.  Unfortunately,  in  most 
areas  this  procedure  was  not  practiced  until  almost 
too  late  to  be  of  much  benefit,  and  large  volumes  of 
valuable  gas  were  vented  to  the  air  or  burned  in  flares. 
Except  for  such  pools  as  Dale-Hoodville  and  Rural  Hill 
in  Hamilton  County,  and  Louden  in  Fayette  County, 
most  of  the  other  repressuring  projects  in  Illinois  are 
injecting  only  air,  or  mixtures  of  air  and  gas.  Recent 
figures  show  that  only  689,000  cu  ft  of  gas  are  injected 
per  day  into  41  wells  in  the  old  oil  fields  in  Illinois; 
whereas  2,600,000  cu  ft  of  air  are  injected  per  day  into 
216  wells,  and  1,970,000  cu  ft  of  combined  gas  and  air 
are  injected  per  day  into  175  wells  in  the  same  fields. 
In  contrast  to  these  figures,  approximately  17,500,000 
cu  ft  of  gas  are  being  injected  per  day  into  more  than 


50  wells  in  the  new  fields,  with  no  air  being  used  as  yet. 
Repressuring  of  limestone  pays  (as  distinguished 
from  pressure  maintenance)  has  not  been  attempted  to 
any  appreciable  extent  in  Illinois  except  in  the  Rural 
Hill  Pool,  Hamilton  County.  Results  obtained  here  are 
uncertain  because  of  the  fact  that  the  wells  are  dual 
completions  in  the  Aux  Vases  sand  and  the  McClosky 
limestone,  and  separate  production  records  are  not  kept. 

Water  Flooding 

The  old  Southeastern  Field,  where  flooding  was  first 
attempted  in  1924,  has  abundant  supplies  of  surface 
water;  and,  in  many  areas,  fresh  water  may  be  obtained 
from  shallow  wells  in  glacial  drift.  Early  haphazard 
attempts  at  circle  flooding  made  use  of  this  water  by 
injecting  it  into  the  producing  sands,  with  indifferent 
results.  Recent  operations  are  increasing  the  use  of 
produced  salt  water,  or  salt  water  from  upper  water- 
bearing sands,  for  injection  purposes.  In  areas  where 
the  production  of  salt  water  is  large,  this  procedure  also 
aids  in  solving  the  problem  of  salt-water  disposal. 

The  three  major  flooding  projects  now  in  operation 
employ  three  different  methods  in  flooding  the  pay  zones. 
In  the  first  two  floods  in  the  Siggins  area,  flooding  is 
done  entirely  with  fresh  water  obtained  from  drift 
wells  located  5 J  miles  from  the  flooded  area.  A  closed 
system  is  employed,  and  the  water  is  injected  without 
chemical  treatment.  In  December  1946  water  was 
turned  into  an  additional  200  acres  adjoining  the 
original  floods.  The  water  injected  into  this  flood  is  a 
mixture  of  fresh  and  produced  salt  water  in  the  ap- 
proximate proportion  of  1,500  bbl  of  fresh  to  1,000  bbl 
of  salt  water  per  day.  This  water  is  aerated,  treated 
with  chemicals,  and  filtered  before  injection.  Cement- 
lined  pipe  is  used  in  all  water-supply  lines  and  injection 
wells. 

At  Patoka,  Tar  Springs  salt  water  is  pumped  to  the 
surface,  aerated,  treated  with  chemicals,  and  filtered 
before  injection  into  the  stratigraphically  lower  Bethel 
sand.  The  basin  McClosky  limestone  is  flooded  by  per- 
forating the  casing  opposite  the  upper  water-bearing 
Cypress  sand  and  allowing  the  water  to  flow  by  gravity 
to  the  McClosky  pay  zones.  Unfortunately,  complete 
data,  especially  on  amounts  of  water  injected  and  sand 
characteristics,  are  not  available  on  the  McClosky 
floods.  Statistical  data  on  flooding  operations  in  Illinois 
are  listed  in  Tables  1-A,  1-B,  and  1-C,  lines  No.  113  to 
No.  128. 

Although  different  methods  were  used,  all  of  the  three 
major  water  floods  in  Illinois  are  highly  successful.  The 
total  for  the  three  may  be  seen  in  Fig.  5,  which  is  a 
composite  graph  showing  the  gross  increase  in  oil  pro- 
duction due  to  the  floods  for  the  years  1944  through 
1946.  It  is  interesting  to  note  that  the  increase  in  pro- 
duction during  1946  was  more  than  double  the  esti- 
mated amount  that  was  produced  during  the  first  two 
years  that  the  floods  were  in  operation.1' 

Fig.    6   is   a   map    showing   the  flooded   area    in   the 


Figure  refers  to  REFERENCE  on  p.  511. 
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FIG.  5 


Siggins    Pool,    Cumberland    County,    one   of   the    three 
floods  mentioned  previously. 

Relative   Costs   of   Development 

The  costs  involved  in  converting  from  primary  re- 
covery to  secondary  recovery  in  Illinois  vary  greatly 
with  the  local  conditions  and  the  methods  used.  As 
mentioned  earlier,  the  cost  of  converting  in  the  old 
Southeastern  Field  was  confined  largely  to  that  of 
changing  a  producing  well  to  an  input  well,  plus  the 
addition  of  gas  compressors  (where  there  were  no  gaso- 
line plants)  and  gas  lines  to  the  system.  A  survey  of 
50  of  these  projects  in  the  old  fields  showed  that  the 
additional  expense  for  material  and  labor  did  not  amount 
to  more  than  a  few  hundred  dollars  in  most  cases,  and 
the  increase  in  operating  costs  did  not  average  more 
than  10  per  cent.  In  general,  the  results  obtained  were 
considered  to  have  more  than  repaid  the  additional 
expense  involved. 

Although  actual  figures  are  not  available  for  costs 
involved  in  the  three  major  floods,  an  approximate  idea 


may  be  gained  from  a  comparison  of  the  different 
methods  used.  Of  the  254  wells  in  the  flooded  area  of 
the  Siggins  Pool,  179  were  newly  drilled;  and  gathering 
lines  and  water  lines  had  to  be  installed  in  addition 
to  the  pumping  plant.  However,  the  cost  of  drilling 
the  wells  was  not  excessive,  because  the  average  depth 
to  the  producing  sand  is  only  400  ft. 

In  the  Patoka  Pool,  many  of  the  old  producing  wells 
were  used  as  such  in  the  flood  pattern,  but  almost  all 
of  the  water-input  wells  were  newly  drilled.  This 
amounted  to  92  new  wells  at  an  average  depth  of 
1,400  ft  each.  Added  to  this  cost  are  a  water-treatment 
plant  and  a  water  pump,  plus  water  lines. 

In  direct  contrast  to  the  foregoing  two  flooding  opera- 
tions are  the  basin  McClosky  floods.  Except  for  an 
initial  trial  at  flooding  the  McClosky  with  filtered  river 
water,  37  producing  wells  were  converted  to  input  wells 
by  pulling  the  tubing  and  pumps,  perforating  with  an 
average  of  10  shots  opposite  the  water-bearing  Cypress 
sand,  and  allowing  the  water  to  flow  by  gravity  into 
the  McClosky. 

The    additional    oil    produced   by   water   flooding,   as 
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Siggins    Flood:     Forest    Oil    Corporation — Sect.    12    and 
13,   T.10N.,    R.10E.,   Cumberland    County,   Illinois. 

FIG.   6 

shown  graphically  in  Fig.  5,  undoubtedly  had  a  dollar 
value  greatly  in  excess  of  the  costs  involved.  An  illus- 
tration of  the  success  of  flooding  in  Illinois  may  be 
obtained  from  an  examination  of  Table  1-C,  lines  120  to 
128,  which  show  that  619,000  bbl  of  new  oil  have  al- 
ready been  produced  from  280  acres  in  the  Siggins 
project,  a  recovery  to  date  of  2,200  bbl  per  acre.  This 
production  was  obtained  from  an  old  field  that  was  on 
the  verge  of  being  abandoned. 

Pressure  Maintenance 

Pressure-maintenance  operations  are  conducted  in 
three  large  areas  in  the  state,  viz.,  in  the  Salem  Pool 
in  Marion  County,  Illinois ;  in  the  New  Harmony-Griffin 
Consolidated  Pool  in  White  County,  Illinois,  and  Posey 
County,  Indiana ;  and  in  the  northern  part  of  the  Louden 
Pool,  but  in  the  New  Harmony-Griffin  Consolidated 
Pool,  10  different  pay  zones  are  being  repressured  with 
gas  through  43  input  wells  in  an  area  comprising  8,600 
acres.  Inasmuch  as  the  first  injection  wells  were  put  on 
the  line  in  July  1942,  approximately  9  billion  cubic  feet 
of  gas  have  been  injected  into  the  sands  in  this  area. 
This  program  has  greatly  arrested  the  rate  of  decline  of 
bottom-hole  pressures,  and  will  ultimately  result  in  the 
lengthening  of  the  life  of  the  producing  wells — and 
should,  thereby,  increase  the  volume  of  produced  oil. 

Pressure  maintenance  has  been  applied  to  three  sands 
in  the  northern  part  of  the  Louden  Pool  since  shortly 
after  it  was  discovered  in  1937.  Approximately  110 
input  wells  are  being  used  to  inject  gas  under  line 
pressures  of  700  psi.  The  area  subjected  to  these  opera- 
tions comprises  9,100  acres  out  of  the  20,650  acres  in 
the  pool.  The  pattern  used  is  the  "sunflower,"  where 
1  injection  well  is  placed  in  the  center  of  8  producing 


wells  for  an  average  density  of  1  injection  well  per  160 
acres.  Increased  oil  production  is  difficult  to  estimate, 
because  the  program  was  initiated  early  in  the  life  of 
the  field;  but  the  practice  has  undoubtedly  contributed 
a  fair  share  of  the  total  production  of  130,193,000  bbl 
of  oil  that  the  pool  has  produced  in  10  years.  The 
success  of  this  operation  is  shown  by  the  fact  that  there 
were  still  83  flowing  wells  in  the  field  in  October  1946,  as 
compared  with  a  maximum  of  435  in  the  field  in  1940. 

CONCLUSION 

In  spite  of  the  numerous  individual  secondary-re- 
covery operations  that  are  carried  on,  the  acreage  in- 
volved, as  compared  with  the  total  productive  acreage, 
is  as  yet  very  small.  From  all  indications,  operations 
are  to  be  greatly  expanded  in  1947,  with  greater  em- 
phasis being  placed  on  water  flooding  than  on  repressur- 
ing.  The  present  high  price  of  oil,  the  increasing  ten- 
dency toward  using  old  wells  for  injection  wells,  and 
the  phenomenal  success  of  the  three  floods  already  in 
operation  combine  to  offer  an  attractive  prospect  for 
increased  supplies  of  oil  by  flooding,  and  they  should 
result  in  the  testing  of  producing  zones  now  considered 
uneconomic  to  repressure  or  flood. 
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Secondary  Recovery  of  Oil  in  the  United  States 


TABLE   1-B 

Secondary-Recovery  Operations  in  Illinois 

PRIMARY-RECOVERY  DATA 

As  of  January  1,  1947 


19 


20 


21 


22 


23 


25 


26 


Total  Production 

Estimated 

Initial 

Initial 

Initial 

Gas 

Oil 

Reservoir 

Reservoir 

Gravity 

Initial 

Oil 

(Thousands 

Recovery 

Pressure 

Temperature 

of  Oil 

Gas-Oil 

(Thousands 

of  Cubic 

Water 

(Barrels 

Line  No. 

(PSI) 

(DegF) 

(DeuAPI) 

Ratio 

of  Barrels) 

Feet) 

(Barrels) 

Per  Acre) 

1 

X 

X 

X 

X 

X 

X 

X 

3,113 

Sub-totals 

X 

X 

X 

2 
3 

X 

X 

X 

X 

X 

X 

X 

X 

4 
Sub-totals 

.    . 

X 

X 

X 

Sub-totals 

.. 

•  • 

.. 

.. 

2,013 

X 

X 

1,100 

2,013 

X 

X 

7 

X 

X 

X 

X 

X 

X 

X 

11,534 

8 

X 

X 

X 

X 

X 

X 

X 

5,017 

9 

X 

X 

X 

X 

1,045 

X 

X 

2,910 

10 

X 

X 

X 

X 

583 

X 

X 

1,795 

11 

X 

X 

X 

X 

1,227 

X 

X 

2,270 

12 

X 

X 

X 

X 

1,504 

X 

X 

4,850 

13 

X 

X 

X 

X 

945 

X 

X 

2,780 

14 

X 

X 

X 

X 

1,691 

X 

X 

3,675 

15 

X 

X 

X 

X 

2,699 

X 

X 

5,525 

16 

X 

X 

X 

X 

X 

X 

X 

5,526 

17 

X 

X 

X 

X 

X 

X 

X 

5,815 

18 

X 

X 

X 

X 

X 

X 

X 

3,201 

19 

X 

X 

X 

X 

X 

X 

X 

6,017 

20 

X 

X 

X 

X 

X 

X 

X 

10,340 

21 

X 

X 

X 

X 

X 

X 

X 

X 

22 

X 

X 

X 

X 

X 

X 

X 

X 

23 

X 

X 

X 

X 

X 

X 

X 

X 

24 

X 

X 

X 

X 

X 

X 

X 

X 

25 

X 

X 

X 

X 

X 

X 

X 

X 

26 

X 

X 

X 

X 

X 

X 

X 

X 

27 

X 

X 

X 

X 

X 

X 

X 

X 

28 

X 

X 

X 

X 

674 

X 

X 

2,240 

29 

X 

X 

X 

X 

852 

X 

X 

4,265 

30 

X 

X 

X 

X 

X 

X 

X 

2,903 

31 

X 

X 

X 

X 

X 

X 

X 

5,471 

32 

X 

X 

X 

X 

X 

X 

X 

5,626 

33 

X 

X 

X 

X 

X 

X 

X 

X 

34 

X 

X 

X 

X 

X 

X 

X 

X 

35 

X 

X 

X 

X 

1,410 

X 

X 

2,880 

36 

X 

X 

X 

X 

971 

X 

X 

2,650 

37 

X 

X 

X 

X 

551 

X 

X 

2,480 

38 

X 

X 

X 

X 

245 

X 

X 

1,620 

39 

X 

X 

X 

X 

2,743 

X 

X 

5,600 

40 

X 

X 

X 

X 

1,288 

X 

X 

2,580 

41 

X 

X 

X 

X 

2,903 

X 

X 

8,800 

42 

X 

X 

X 

X 

692 

X 

X 

1,575 

43 

X 

X 

X 

X 

2,615 

X 

X 

2,910 

44 

X 

X 

X 

X 

X 

X 

X 

3,618 

45 

X 

X 

35.2 

X 

X 

X 

X 

1,722 

46 

X 

X 

X 

X 

X 

X 

X 

1,374 

47 

X 

X 

X 

X 

X 

X 

X 

6,671 

48 

X 

X 

34.7 

X 

X 

X 

X 

6,273 

49 

X 

X 

X 

X 

X 

X 

X 

6,982 

50 

X 

X 

X 

X 

X 

X 

X 

4,012 

51 

X 

X 

X 

X 

X 

X 

X 

6,578 

52 

X 

X 

X 

X 

X 

X 

X 

5,471 

53 

X 

X 

X 

X 

X 

X 

X 

3.17S 

54 

X 

X 

X 

X 

X 

X 

X 

9,759 

55 

X 

X 

X 

X 

X 

X 

X 

3,889 

56 

X 

X 

X 

X 

X 

X 

X 

2,287 

57 

X 

X 

X 

X 

X 

X 

X 

4,052 

58 

X 

X 

X 

X 

X 

X 

X 

X 

59 

X 

X 

X 

X 

X 

X 

X 

X 

60 

X 

X 

X 

X 

X 

X 

X 

X 

61 

X 

X 

X 

X 

X 

X 

X 

X 

62 

X 

X 

X 

X 

X 

X 

X 

X 

63 

X 

X 

X 

X 

X 

X 

X 

X 

64 

X 

X 

X 

X 

X 

X 

X 

X 

65 

X 

X 

X 

X 

X 

X 

X 

X 

66 

X 

X 

X 

X 

X 

X 

X 

X 

67 

X 

X 

X 

X 

X 

X 

X 

X 

68 

X 

X 

32 

X 

X 

X 

X 

X 

69 

X 

X 

X 

X 

X 

X 

X 

X 
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TABLE   1-B    (Continued) 


20 


21 


22 


23 


25 


26 


Total  Production 

Estimated 
Oil 

Initial 

Initial 

Initial 

1 

Gas 

Reservoii 

Reservoir 

Gravity 

Initial 

Oil 

(Thousands 

Recovery 

Pressure 

Temperature 

of  Oil 

Gas-Oil 

(Thousands 

of  Cubic 

Water 

(Barrels 

Line  No. 

(PSI) 

(Deg  F) 

(DegAPI) 

Ratio 

of  Barrels) 

Feet) 

(Barrels) 

Per  Acre) 

70 

X 

X 

X 

X 

X 

X 

X 

X 

71 

X 

X 

X 

X 

X 

X 

X 

X 

72 

X 

X 

X 

X 

X 

X 

X 

X 

Sub -totals 

24,638 

X 

X 

73 

1,000 

90 

40.0 

280  to  1 

X 

X 

X 

74 

X 

X 

X 

X 

X 

X 

X 

X 

75 

X 

X 

X 

X 

X 

X 

X 

X 

Sub-totals 

X 

X 

X 

76 

X 

X 

X 

X 

3,570 

X 

X 

7,596 

77 

X 

X 

X 

X 

3,430 

X 

X 

9,024 

78 

X 

X 

X 

X 

4,670 

X 

X 

11,133 

79 

X 

X 

X 

X 

1,970 

X 

X 

14,027 

80 

X 

X 

X 

X 

4,275 

X 

X 

10,680 

81 

X 

X 

X 

X 

4,290 

X 

X 

11,140 

82 

X 

X 

X 

X 

X 

X 

X 

X 

83 

X 

X 

X 

X 

X 

X 

X 

X 

Sub-totals 

22,205 

X 

X 

84 

639 

79 

38.9 

x          1 

85 

639 

79 

38.9 

X           \ 

33,023 

X 

X 

9,600 

86 

639 

79 

38.9 

187  to  1  J 

Sub-totals 

33,023 

X 

X 

87 

500 

82 

37 

0 

24.6 

330 

1,000 

273 

Sub-totals 

24.6 

330 

1,000 

88 

X 

X 

X 

X 

283 

X 

X 

4,725 

89 

X 

X 

X 

X 

X 

X 

X 

X 

Sub-totals 

283 

X 

X 

90 

X 

X 

X 

X 

X 

X 

X 

8,159 

91 

X 

X 

X 

X 

X 

X 

X 

3,744 

Sub-totals 

X 

X 

X 

92 

X 

X 

X 

X     1 

93 

X 

X 

X 

x  \ 

762 

X 

X 

3,810 

94 

X 

X 

X 

X     J 

95 

X 

X 

X 

X 

X 

X 

X 

X 

96 

X 

X 

X 

X 

X 

X 

X 

X 

97 

X 

X 

X 

X 

X 

X 

X 

X 

98 

X 

X 

X 

X 

X 

X 

X 

X 

99 

X 

X 

X 

X 

X 

X 

X 

X 

100 

X 

X 

X 

X 

X 

X 

X 

X 

102 

X 

X 

X 

X 

X 

X 

X 

X 

103 

X 

X 

X 

X 

X 

X 

X 

X 

104 

X 

X 

X 

X 

X 

X 

X 

X 

105 

X 

X 

X 

X 

X 

X 

X 

X 

106 

X 

X 

X 

X 

X 

X 

X 

X 

107 

X 

X 

X 

X 

X 

X 

X 

X 

108 

X 

X 

X 

X 

X 

X 

X 

X 

109 

1,140 

101 

40.4 

533  to  1 

X 

X 

X 

X 

110 

1,070 

66 

38.0 

420  to  1 

X 

X 

X 

Sub-totals 

762 

X 

X 

111 

X 

X 

32.4 

X 

X 

X 

X 

X 

Sub-totals 

X 

X 

X 

112 

X 

X 

X 

X 

X 

X 

X 

X 

Sub-totals 

X 

X 

X 

Total 

82,948.6 

330 

1,000 

113   "\ 

114     > 

750 

Estimated  82 

Estimated  37 

45  to  1 

199.3 

1,605 

87,000 

220 

115    J 

Sub-totals 

199.3 

1,605 

87,000 

116 

X 

X 

X 

X 

X 

X 

X 

X 

117 

X 

X 

X 

X 

X 

X 

X 

X 

118 

X 

X 

X 

X 

X 

X 

X 

X 

Sub-totals 

X 

X 

X 

119 

550 

8C> 

39 

20  tol 

3,545 

215,000 

781,000 

5,064 

Sub-totals 

3,545 

215,000 

781,000 

120 

X 

X 

X 

X 

X 

X 

X 

3,500 

121 

X 

X 

X 

X 

X 

X 

X 

11,000 

122 

X 

X 

X 

X 

X 

X 

X 

8,900 

123 

X 

X 

X 

X 

X 

X 

X 

8,900 

124 

X 

X 

X 

X 

X 

X 

X 

8,900 

125 

X 

X 

X 

X 

X 

X 

X 

4,000 

126 

X 

X 

X 

X 

X 

X 

X 

4,200 

127 

X 

X 

X 

X 

X 

X 

X 

5,660 

128 

X 

X 

X 

X 

X 

X 

X 

4,000 

Sub-totals 

X 

X 

X 

Totals 

3,744.3 

216,605 

868,000 
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